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The first Brazilian open procedure, under cardiopulmonary bypass, was performed by Dr Felipozzi, in 1955. 1 Since then, Brazilian surgeons have contributed to the cardiac surgery subspecialty with innumerous novel procedures. In 1975, Dr Jatene pioneered the arterial switch operation. 2 This technique remains the standard of care treatment for transposition of great vessels. Dr Buffolo, along with Dr Benetti, from Argentina, described an alternative for coronary artery revascularization under cardiopulmonary bypass, the off-pump coronary artery bypass grafting, in 1985.
3 Dr Batista reported a partial left ventriculotomy for the surgical treatment of left ventricle aneurysm in nonischemic dilated cardiomyopathy. 4 Recently, Dr Da Silva described the cone procedure, which is now the preferred method for correction of Ebstein's anomaly. 5 Currently, the national case volume, embracing all cardiac surgical procedures, in Brazil is approximately 100,000 per year. 6 Among these interventions, the highest percentage is represented by coronary artery bypass grafting, followed by valve surgery, pacemaker or implantable cardioverter/defibrillator, congenital, aortic procedures, heart transplantation, and others.
Throughout the past decades, cardiac surgery has changed and evolved dramatically. In Brazil, this scenario is not different. Therefore, the training of contemporary cardiac surgeons is being modified to adapt to current demands: residency curriculum reformulation, with more time devoted to endovascular and invasive cardiology rotations; creation of national workshops to expose the resident to novel techniques; and elimination of general surgery requirement to apply for cardiac surgery residency. We present the cardiac surgery residency experience in Brazil and how the residency program is changing to provide adequate training to future surgeons.
DETAILS OF TRAINING Residency Options and Recruitment Process
In Brazil, cardiac surgery residency has a separate pathway from thoracic and vascular surgery. The Brazilian Society of Cardiovascular Surgery (BSCVS) and the Brazilian Ministry of Education (BME) are responsible for regulating all national residency programs, ensuring the trainees receive the minimum training required to become a specialist.
There are 228 cardiac surgery residency positions offered each year.
7 Two tracks are available to become a fully trained cardiac surgeon in Brazil: the traditional and the integrated. The traditional track requires completion of 2 years of general surgery residency before initiation of cardiac surgery specialization. Recently, the integrated track emerged as an alternative, with no requirement of previous general surgery training, but with a longer cardiac surgery training period (5 years). A total of 96 of 228 positions (42%) are assigned to the integrated track, leaving the traditional with the remaining 132 of 228 positions (58%) per year. 8 A total of 77 institutions offer cardiac surgery residency in Brazil, with 54 of 77 (70%) being academic centers.
As in other countries, it has been increasingly difficult to attract new trainees to this subspecialty. 9 The reasons are similar: long training and more procedures being performed by other specialties. On a recent census by the BSCVS, the number of successful applicants was 62 of 228 (27%), with 60% joining cardiac surgery residency programs in the traditional track and 40% joining integrated programs.
graduates from Peru, Bolivia, and Argentina undergoing training in Brazil. Conversely, there are Brazilian medical graduates being trained in other countries, mainly in North America and Europe. The 2 residency tracks (traditional and integrated) have structural differences, as described next.
Traditional Track
The traditional track is financially sponsored and certified by BME, and regulated by the BSCVS and BME. The candidate becomes eligible after completion of a general surgery residency program. During the 2-year Brazilian general surgery residency program, the resident is allocated, mainly, to general surgery. Nevertheless, during the first year, as part of mandatory rotations, the resident is exposed to urology, vascular, and thoracic surgery for 1 month in each subspecialty.
All cardiac surgery residency applicants must undertake a multiple-choice test, which includes general medicine topics. This exam is responsible for 90% of the candidate's final mark. The remaining 10% is determined by curriculum analysis and an interview.
The surgical training lasts 4 years and takes place at Brazilian public hospitals. The majority of patients derive from our national universal health care system, the Brazilian National Health Service (NHS). After the 4-year program, residents are recommended to spend an additional year, as part of a fellowship, in a cardiac surgery subspecialty of their choice (pediatric, endovascular, advanced heart failure/ heart transplantation, arrhythmia), although it is not mandatory.
The BME inspects all public hospital centers. The evaluation occurs on a regular basis, but differs for every institution. The evaluation interval will depend on previous reports from each center and how strictly the institution has adopted the requirements. The report should include the following: number of cardiac surgeries in the previous year; number of procedures performed by the resident as primary surgeon and first assistant; appropriateness of ward, intensive care unit, and operating room facilities; and number of diagnostic and invasive cardiac procedures performed.
After completion of residency training, trainees will obtain BME certification, allowing them to practice, as cardiac surgeons, for NHS patients only, at public hospitals. The Brazilian government, through the BME, enforces such restriction in an effort to increase the number of surgeons providing care to NHS patients. If the trainee seeks to care for patients with private insurance, at private hospitals, they need to become board certified, because most private insurance companies will require it. To obtain Brazilian board certification, the surgeon needs to apply to the Brazilian Cardiovascular Surgery Board Examination (BCVSBE).
Integrated Track
The integrated track is financially sponsored by each institution offering the program. It is certified and regulated by the BSCVS. There is no need of prior general surgery residency.
The selection process adopted is the same as the traditional track.
The 5-year program is undertaken at Brazilian private hospitals that offer care for both NHS and private insurance patients. In their fifth year, residents decide if they want to spend the year in a cardiac surgery subspecialty (pediatric, endovascular, advanced heart failure/heart transplantation, arrhythmia) or in general cardiac surgery.
The BSCVS inspects and evaluates all private hospital centers using the same evaluation criteria used by the BME in the traditional track.
After completion of residency training, trainees are required to pass the BCVSBE to care for any patient, from the NHS or individuals with private insurance.
Advantages of the integrated track include more time dedicated to cardiac surgery (5 years). With an additional year of cardiac surgery case exposure, in a shorter overall residency training period (5 vs 6 years), the trainee would, theoretically, be better prepared to enter the job market or engage in a cardiac surgery fellowship in the sub-area of choice. Nevertheless, there are no data to document the advantage of either track towards improving postresidency job opportunities or career success.
PROGRAM CURRICULUM
For both tracks, the BSCVS requires the resident to spend 90% of the program in cardiac surgery-related areas, including preoperative, intraoperative, and postoperative care, cardiac intensive care unit, cardiac imaging, and invasive cardiology rotations. For the remaining 10%, the resident is assigned to thoracic and vascular surgery. No general surgery rotation is required.
After each different rotation and every 3 months, faculty must evaluate the trainees on a ''performance scale,'' which includes 14 items encompassing technical skills, knowledge, and relationship abilities (Table 1 ) and report to the BSCVS.
The resident must meet all established requirements, including the number of surgeries performed as first surgeon and as first assistant. For cases in which the resident assumes a first assistant role, it is recommended to allow the trainee to perform all surgical procedures and, only for the core surgical moment, to be first assistant. During the first years, additional specific requirements are necessary, such as harvesting conduits, performing sternotomies, and vascular cannulation.
The maximum number of working hours is 60 per week, including a 24-hour ''on call'' shift, totaling 2800 to 3200 hours per year 11 in both tracks. Unfortunately, these hours are not strictly followed by some institutions, and as a result, hours are stretched out of the records. In an effort to overcome the lack of strict adoption of regulating hours, the BSCVS is reaccrediting all training centers.
BOARD CERTIFICATION
To become board certified by the BSCVS, the resident must pass the BCVSBE. The applicant must have completed their training and performed, during their residency, a minimum of 100 mid-complexity surgeries as a primary surgeon (ie, valve replacement or coronary artery bypass), with at least half of them under cardiopulmonary bypass. According to the BSCVS internal statistics, the average case load performed by a resident, as primary surgeon, is 150 cardiopulmonary bypass cases, with anecdotal cases of failure to reach the minimum number of cases required. Despite the additional year of cardiac surgery residency in the integrated pathway, there is no difference in the final number of cases performed compared with the traditional track.
The candidate must also obtain continued medical education credits from the Brazilian Journal of Cardiovascular Surgery, before exam application, by answering questions from continued medical education articles. 12 The current BCVSBE consists of 3 steps:
First step: A written exam: 3 open-ended and 55 multiplechoice questions. Apart from these, there are 20 additional questions regarding surgical algorithms or diagnostic images. The passing score is 70%. The average passing rate is 60% over the past 5 years.
Second step: Practice assessment: A BSCVS member is designated to visit the applicant's training center, to evaluate the candidate's abilities and clinical judgment, while operating an elective mid/high-complexity cardiac case, under cardiopulmonary bypass (ie, valve replacement or coronary artery bypass). Table 2 summarizes the evaluation criteria for the practice examination. The average passing rate for this step is 95%. The final step is to submit a scientific manuscript to be appreciated by reviewers from the Deliberative Committee of the BSCVS.
The candidate has 6 months to finish all 3 steps. After successful completion of the 3 BCVSBE steps, the cardiac surgeon becomes board certified and is able to perform all procedures unrestrictedly.
The second step (practice assessment) is also a method to evaluate the residency program, ensuring the resident receives appropriate training, enough to be capable to perform a cardiac procedure independently. If the candidate fails the practice assessment, the program director is informed and the reasons for failure are discussed. The candidate will then be able to perform surgical procedures only under the supervision of a board-certified surgeon, being required to undertake the same rotations of a senior cardiac surgery resident. The program director and trainee will be responsible to reschedule the exam whenever both are confident that a mid-complexity case can be performed independently. A maximum of 3 attempts is allowed. In case of 3 consecutive failures, the resident becomes ineligible for board certification and independent practice, and the residency program undergoes an especial BSCVS assessment to evaluate the quality of training offered. As mentioned, the pass/failure rate for step 2 is 95%, and only few cases have occurred of 3 consecutive fails from the same trainee.
CHALLENGES OUR EDUCATIONAL SYSTEM IS FACING
Cardiac surgeons are now performing minimally invasive and endovascular procedures to guarantee a safer procedure and to secure their position in the competitive medical field. In Brazil, there is no regulation preventing the surgeon from performing these novel procedures. However, there has been increased scrutiny from hospitals' managers and insurance companies, assigning and reimbursing only surgeons who undertook proper training/courses for the new procedure. For this reason, a number of trained and fully certified surgeons have been seeking additional training. 13 In an effort to incorporate these new procedures into the residents' training, the BSCVS has created national-level initiatives.
14 A clear deficiency in our current residency system is the existence of 2 distinct and disparate tracks toward becoming a trained cardiac surgeon. The lack of uniformity affects not only the trainees but also the national healthcare system, which relies on certified professionals for the care of its population.
OVERCOMING THE CHALLENGES
On May 2017, after a 10-year negotiation between the BME and the education committee of the BSCVS, a decision was made to uniformly offer the integrated track only for cardiac surgery trainees throughout the country. All Brazilian cardiac surgery residency programs are now regulated by the BSCVS and certified by both the BME and BSCVS, starting in 2018. This change was only adopted by the cardiac surgery residency programs. The other surgical specialties (thoracic, vascular surgery) did not seek any change from their current system of 2 distinct residency tracks. The residency program curriculum was also reformulated. There will be increased hours dedicated to endovascular and invasive cardiology rotations (Table 3) . A new BSCVS yearly written examination will now become part of the board certification process to ensure continuous assessment of the program and resident. The performance scale (Table 1 ) continues as part of the resident's evaluation by the BSCVS. The number of procedures required for the final BCVSBE was increased to 150 cardiac surgeries, with at least half being under cardiopulmonary bypass. The BCVSBE steps remain unchanged.
Historically, the number of cardiac surgery residency positions has been 228 per year. This number has been the same since the 1990s. However, Brazilian cardiac surgery cases (100,000/y) and the number of residency applicants have decreased compared with previous decades. The BSCVS has debated whether to decrease the number of residency positions. With the novel unified residency program, sponsored by both BME and BSCVS, the number of applicants is expected to increase. Moreover, the reformulation of the program curriculum is intended to provide more training in novel procedures (minimally invasive, endovascular), with the objective of inserting newly trained cardiac surgeons in the market for these types of procedures, increasing the annual cardiac surgery volume. Brazilian centers with high-volume cases of each ''new procedure'' have been selected to offer elective courses for trainees and young surgeons. This includes institutions with endovascular surgery, minimally invasive surgery, and mechanical circulatory support programs. In addition, the BSCVS hosts 4 wet lab courses per year for residents, at the ''Technical Skills Lab'' in its headquarters in Sao Paulo. Furthermore, national academic institutions offer annual workshops for residents, where they can improve their operative skills on simulators. Most of them have only a symbolic fee for subscription, with the majority of the cost subsidized by residency institutions or by an industry grant.
The BSCVS annual scientific meeting has introduced the ''Hands On'' section. 15 Ten participants are assigned to an expert surgeon in the designated cardiac surgery sub-area. The trainee is encouraged to practice all the surgical steps ( Figure 1 ).
CONCLUSIONS
New challenges have emerged in the training of the contemporary cardiac surgeon. A shorter and more effective training is required. New emerging techniques need to be incorporated in the residency program without compromising appropriate basic training. It is the responsibility of staff surgeons and each national society, such as the BSCVS, to take the lead and guide the new generation toward the bright future of our specialty.
